Abstract-English becomes an important tool of academic research and international communication with the rapid development of global economy. Producing a piece of EAP writing with completeness, clarity and coherence has become a pursuit of both college students and academic staff. The coherence and completeness of EAP writing is realized mainly by lexical cohesion. However, it has long been ignored by Chinese EFL learners and teachers. Using the corpora of BAWE and EAP writing by British and Chinese learners, this research compares and contrasts the indices of lexical cohesion generated by computational linguistics tool, Coh-Metrix, across different levels and between English native speakers and Chinese EFL learners. It is found that both native speakers and Chinese EFL learners tends to use less simple repetition and more complicated cohesion with the improving of English language proficiency while the average frequency of lexical cohesion employed by Chinese EFL learners is less than native speakers. Therefore lexical cohesion teaching and learning should be given more consideration for successful EAP writing for Chinese EFL learners.
I. INTRODUCTION
EAP writing plays an important role not only in degree study but also pave way for future career success. More and more scholars" academic success depends on their English language proficiency and the connections between English language and specialty knowledge are increasingly closer (Hyland, 2005) . Plenty of research and labour market investigation shows that college students can adapt themselves to the more competitive global and local economic development with proficient English for Academic Purpose (EAP) and English for Special Purpose (ESP) (Sun, 2010) .
According to the latest UIS (UNESCO Institute of Statistics) data on the mobility of students (UIS, 2014), at least 4 million students in 2012 were enrolled in tertiary education abroad. The top destination universities are mainly in the countries with English as native language, such as USA, UK, Australia and Canada. International students not only have to acquire good communication skills and fluent English both in writing and speaking, but also absorb the western writing culture in style, structure, reference and the local policy towards academic integrity in academic writing. Even if international students acquire good score in English proficiency tests, they often find that academic papers in Englishspeaking universities are different from what they are used to.
As for international students from China, EAP writing is a great challenge for them due to the differences of language type and culture system. With more than 10 years of English study experience before Chinese EFL learners enter into tertiary education, many of them have acquired a certain amount of English vocabulary and grammar. However few of them could produce a piece clear, concise and coherent EAP writing. Besides the format of the EAP writing, the main reason for their difficulty in EAP writing comes from the unity of the idea, which is partly realized by the cohesion devices of the text.
In the hope of EFL learners could express themselves like a native speaker, traditional lexical-grammatical teaching method had been reproached and the modern EFL teaching focuses more on the communicative skills of the learners. It emphasizes the spoken communication and weakens the language input of lexis and grammar and thus hinders the development of language communicative skills. Writing is one of the key components of communicative capacity of EFL learners". The level of writing proficiency is greatly influenced by the appropriate using of the words and phrases of the target language. Lexical cohesion, as an important device of discourse structure, has a great influence on discourse organization and cohesion.
According to Halliday and Hasan (1976) , cohesion contributes to the wholeness and unity of the text and they divided it into grammatical cohesion and lexical cohesion. Hoey (1991) claimed that lexical cohesion is the only type of cohesion that regular forms multiple relationships and it is the dominant mode of creating texture. There have been many studies on lexical cohesion since the publication of the groundbreaking work by Halliday and Hasan in 1976. Although there are some researches carried out on the cohesion of academic writing (Witte and Faigley 1981) , but only few studied especially lexical cohesion using in academic writing (Stotsky 1983 , Chen 2008 , Mirzapour 2011 ). Due to the limit resources to analysis, the relevant studies in China are about the works from students majored in English language or short argumentative writing on one topic.
With the development of corpus linguistics and computational linguistics, the authentic language resources provide first-hand research data and the computational tools make the study of large quantity information from corpora possible.
This study is going to compare the lexical cohesion using by both native speakers and Chinese EFL learners in their EAP writings with the indices generated by computational tool, Coh-Metrix. The purpose is to find the features of lexical cohesion in academic writing produced by Chinese EFL learners and thus give indication to Chinese EFL learning and teaching on EAP writing.
Four questions will be answered with this study. Lexical cohesion, as an important contributor to discourse organization, has been studied broadly in EFL and ESL on its relation to language proficiency. But due to different analyzing point, research method, data, the results are different. Mainly there are three different opinions about the relationship between the frequency of lexical devices and language proficiency: positive related, null related and negative related.
Through comparing and contrasting writing by 160 EFL learners from Arab, China, Japan and Spain, Ferris (1994) found the better EFL proficiency, the higher frequency of cohesive links. The idea is supported by the studies by Liu and Braine (2005), Clarence (2012). On the contrary, Crossley and McNarma (2012) found that users with higher EFL level tended to use less cohesions than those with lower levels.
As for the difference between EFL writers and ENL writers on cohesion links using, Mirzapour and Ahmadi (2011) found Persian EFL writers had excessive using of cohesion links; Spanish EFL writers used less cohesion links (Crossley & McNarma 2009 ); Johnson (1992) claimed that there was no significant difference on cohesion through comparing 20 Malaysian writers" and 20 native speakers" persuasive essays.
The different results of the previous researches are due to the different definition of cohesion, data collection and methodology. Many researchers have been trying to find the standard to direct the learning and classroom teaching of cohesion. So far there has been no satisfying result. There is even less research directly on lexical cohesion in EAP writing. This research is to find the features of lexical cohesion in EAP writings by Chinese college students. Hopefully the findings will help students and teachers to carry our more efficient work with considering the skillful using of lexical cohesion in EAP wiring.
III. COMPUTATIONAL TOOL FOR ANALYZING LEXICAL COHESION: COH-METRIX
The exactness and reliability of computational tool may help with clearing the above ambiguous studies. Coh-Metrix was developed by staff from Memphis University and its online system can be available at http: Coh-Metrix.mephis.edu. The initial development aim was to find the level of readability of text through analyzing lexical relations. Crossley Index 3: Stem Overlap (SO) refers to a noun in one sentence matched with a content word (i.e., nouns, verbs, adjectives, adverbs) in a previous sentence that shares a common lemma (e.g., tree/treed; mouse/mousey; price/priced).
Index 4: Hypernymy of Nouns and Verbs (HNV) is reported in Coh-Metrix with the help of WordNet. In WordNet, each word is located on a hierarchical scale allowing for the measurement of the number of subordinate words below and superordinate words above the target word. Coh-Metrix provides estimates of hypernymy for nouns, verbs, and a combination of both nouns and verbs.
Index 5: Latent Semantic Analysis (LSA) is to measure the semantic repetition among sentences and paragraphs. Coh-Metrix offers 8 groups of indices about LSA, which is between 0 (low cohesion) and 10 (high cohesion). Examples are made in the introduction to Coh-Metrix version 3.0:
Text 1: The field was full of lush, green grass. The horses grazed peacefully. The young children played with kites. The women occasionally looked up, but only occasionally. A warm summer breeze blew and everyone, for once, was almost happy. 
It is relatively difficult to get EFL essays from college students in China because undergraduates and graduates in China are not required to write in English academically except for abstract. In order to study EAP writing of college students in China, the research have the samples of EAP writing from joint programs in HHU in China. HHU has cooperated with Bangor University, Aberystwyth University, Coventry University in UK and University of Mysore in China on different specialties, ranged from accounting, marketing, computer science, software engineering, art design, cartoon and animation, nursing and automotive engineering. Most joint program graduates from HHU will either seek for further education in the UK or India or get employed in international companies. Students receive intensive training of English for General Purpose (EGP). From Year 2 and then on students will be trained and assessed by both staff from partner universities and HHU. Some of the core modules assessment requires the submission of academic writings, which make it available to get EAP writing by college students in China.
One natural paragraph is selected from each essay in the corpora. The section avoids charts and tables and in-text references. Thus the name of the author and the year of publication in quotation were deleted on purpose to reflect the natural flow of the text. Then the text of each subtract is pasted into the online Coh-Metrix 3.0. After clicking the button of "Submit", 108 indices are generated. This study saved each group of indices into an Excel file according to the levels and mother tongue of the writers. Only the five indices are examined in each group: noun overlapping, content words overlap, stem overlap, LSA and hypernymy (nouns and verbs).
V. INDICES OF LEXICAL COHESION IN EAP WRITINGS
The first group of indices is from the essays written by British ENL college students, which is shown in Table 1 shows that noun overlap increase with the increasing of the language level. Occurrence of stem overlap from Level 1 to Level 3 keeps on going up. On the contrary, indices of both content word overlap and hypernymy of nouns and verbs drop down across different levels.
The second investigation is about the Chinese EFL learners who receive their education in British higher institutes. Their performance of lexical cohesion across different levels in EAP writing are shown in Table 2: Table 2 shows the indices of noun overlaps, stem overlap and hypernymy of nouns and verbs all increase by different degrees. The figure of content word overlap declines across level 1 to level 3. The indices of latent semantic analysis go down straight from level 1 to level 3.
Essays by EFL Chinese college students are divided into 3 levels from Year 2 to Year 4 in China as it is not required to produce academic writing in Year 1. The indices of their using lexical cohesion are shown in Table 3: Table 3 shows the three groups of indices (noun overlap, stem overlap, hypernymy of nouns and verbs) of lexical cohesion by EFL college students in China go up while the other two groups (content word overlap and latent semantic analysis) go down across the three levels.
VI. DISCUSSION AND INTERPRETATION
The overall trend of noun overlap in EAP writing by three groups of college students increases across the different levels. According to Biber et al. (1999) , the reason for the higher frequency of nominalizations in EAP writing is that the function of nominalizations within the context is "to treat actions and processes as abstract objects separated from human participants", whereas fiction and speech "are more often concerned with people and use verbs and adjectives to describe how they are behaving". And Ravelli (1996) claims that nominalizations are "prestigious, technical and formal, rather than coming from a more everyday realm". This further suggests another important rhetorical effect produced by the use of nominalizations, which lower level of undergraduate students might notice and learn to use them with more exposure to academic study.
Using of LSA tends to be decreasing with the level improving. The possible reason for that is there might be more jargons within the discipline. Higher indices of LSA indicate the higher readability of the text and the decrease of LSA in ESP writing in the corpora means the articles tends to be more complicated and harder to understand for general readers. It is a bit unexpected to see that Chinese EAP writings have more frequency of using specific words than British ENL writing. What"s more, British native speakers tend to use less specific words with language proficiency level improving.
The decreasing of content word overlap and increasing of stem overlap indicate the improving of college students" vocabulary. The reducing tendency of hypernymys shows that British ENL college students use more specific words with the improving of language proficiency.
From Table 1 , 2 and 3, it is hard to conclude whether the overall using of lexical cohesion is increasing or not with the improving of language proficiency. However the lexical cohesion skills are obviously different across different level. From Table 4 : The average indices of lexical cohesion by British ENL and Chinese EFL college students, we can see clearly that British ENL college students use less simple repetition (noun overlap and content word overlap) and more complex repetition (stem overlap, latent semantic analysis and hypernymy of nouns and verbs). With different degree of language environment exposure, lexical cohesion in EAP writing shows different figures. Table 5 shows the means of the above five indexes of lexical cohesion by Chinese EFL college students in the UK and China respectively. From Table 5, the same results occur as what happens to Table 4 , noun overlap, content word overlap, hypernymy of nouns and verbs by HHU-EFL are all overused than BAWE-EFL Chinese students. But the complex use of lexical cohesion, such as stem overlap and latent semantic analysis indices figures are lower than that of the Chinese learners in the UK.
THEORY AND PRACTICE IN LANGUAGE STUDIES
With the above analysis, we can conclude that the overall frequency of lexical cohesion in EAP writing has no obvious increases or decreases across levels of language proficiency. Each individual index we researched does have growing or dropping tendency across different language levels. As for the difference in using lexical cohesion in EAP writing between Chinese EFL learners and British ENL learners, more simple lexical cohesion and less complex lexical cohesion are used by Chinese EFL learners. The better the writer"s English proficiency is, the more complex lexical cohesion is used in their EAP writings.
VII. THE LIMITS AND THE IMPLICATION OF THE RESEARCH
One of the limits of the study can be the sample selection. The length of paragraph is generally shorter by Chinese EFL learners than by ENL speakers. The average length of paragraph by Chinese EAP writer is from 150 to 200 while the average paragraph length by native speakers is about 250. The number of words of the natural paragraph might influence the indices produced by Coh-Metrix. Another thing about the corpora is whether the essays written by joint program students in HHU can represent Chinese EAP writing. With the development of EAP teaching in China, there should be more options for assessed EAP writings in Chinese universities. Therefore extended text and general nonEnglish major college students" EAP writing can be sampled. Besides the five indexes in this research, more aspects of lexical cohesion should be studied. The different computational tool for lexical cohesion analysis should be explored as well in the future research.
The focus on corpus linguistics is to highlight the communication function of language and the application of language: language is action and meaning is application (Mahlberg, 2006) . In the natural use of language, the research tries to find some features of lexical cohesion in EAP writing across different EFL levels with comparing to British ENL speakers. Mother tongues positive transfer has quite limited influence on upper intermediate or advanced EFL learners and more rules of natural language development will be applied to them. As EFL learners, Chinese college students and classroom teaching should focus more on lexical cohesion in EAP writing, especially complex lexical cohesion. Through large amount of natural EAP writing, we can find the features of lexical cohesion by different language users across different levels. Independent learners and classroom instructor should both be aware of the significance of corpus linguistics in their learning and teaching. The true principles of language application are embedded in the vivid natural language.
